SUBJECT INDEX 


A 


Acoustic noise 
vortex shedding and, 199, 20i 
Aeroacoustics 
turbulent shear flows and, 
263-83 
Aerodynamic flow 
computer simulation of, 338 
Aircraft efficiency 
airfoil/wing design and, 338- 
40 


Mach number and, 337-38 
Airfoil design, 337-61 
compressible flow models 
and, 342-44 
local supersonic flow fields 
and, 346-47 
shock-free 
direct method for, 351-55 
hodograph and inverse 
methods for, 348-51 
methods for, 347-48 
shock-free flows and, 344-46 
Alkane-air detonations 
propagation of, 332 
Alluvial-channel beds 
secondary flow in, 179 


B 


Blasius boundary layers 
Tollmien-Schlichting waves 
in, 390 
Blasius expansion 
computer calculation of, 299 
Bluff bodies 
fixed 
vortex shedding and, 196— 
201 


flexibly mounted 
equation of motion for, 
203-5 
oscillations of , 202-3 
flow in wake of, 198 
oscillating, 195-219 
vortex shedding and, 201- 
16 
Boltzmann collision integral, 68 
Knudsen layers and, 93 
Monte Carlo method and, 71- 
72 
shock-wave problem and, 85 
Boltzmann equation 
continuum-flow problems and, 
80-81 


direct-simulation techniques 
and, 76-79 

gas in absence of external 
force and, 69 

heat- and mass-transfer prob- 
lems and, 86-94 

integration of , 73-76 

multi-dimensional problems 
and, 79-80 

numerical solution for gas 
flow problems and, 67- 
95 

one-dimensional flow prob- 
lems and, 81-82 

shock-wave problems and, 
82-86 

Boundary layers 

computer calculation of, 298— 

300 


see also specific type 
Brownian diffusion 

Péclet number and, 256 
Brownian diffusion coefficient 

colloid suspensions and, 255 
Brownian motion 

colloid coagulation and, 250- 

51 


colloid suspensions and, 245 
Cc 


Centrifugal force 
secondary flow in open- 
channel beds and, 179- 
81 
uniform curved flow in open- 
channel beds and, 182 
Chapman-Jouguet detonation 
velocity, 316-17 
Chapman-Jouguet theory 
equilibrium detonation states 
and, 312 
Charney-Drazin theorems 
wave action and, 35-36 
Circular cylinders 
freely vibrating 
vortex shedding and, 217- 
19 
Cnoidal waves 
computer calculation of, 304 
Collision law 
Boltzmann transport equations 
and, 93-94 
Colloid suspensions 
Brownian coagulation and, 
250-51 


commercial applications of, 
246 
DLVO theory and, 247-50 
floc dynamics and, 256-59 
heterocoagulation and, 256-59 
hydrodynamic interactions in, 
250-56 
sedimentation and, 259 
shearing and, 251-55 
Colloids 
microhydrodynamic processes 
and, 245-46 
stability and coagulation in 
shear fields, 245-60 
Compressible flow 
airfoil/wing design and, 342- 
44 


computer-extended series and, 
294-97 
Computer algebra 
limitations of, 290 
Computer-extended series, 287- 
306 


analysis and improvement of, 
291-94 

closed-form solutions and, 
288-89 

compressible flows and, 294— 
97 

computer algebra and, 290 

numerical solutions and, 290- 


potential flows and, 303-5 
singular perturbations and, 
290 


viscous flows and, 297-303 
Condensation 
Knudsen layers and, 92-93 
Couette flow 
computer calculation of, 303 
Counterflow jets 
attenutation measurements in 
temperature gradients and, 
144-45 
axial temperature measure- 
ments in, 145 
helium II and, 141-53 
second-sound attenuation in 
calculation of, 147-50 
velocity-sensitive phase 
measurements in, 150-52 
Creeping flow 
computer calculation of, 297 
Critical energy 
gaseous detonation initiation 
and, 327-29 
strong-blast theory and, 328 


425 





426 


D 


Darcy-Weisbach friction factor 
uniform curved flow in open- 
channel beds and, 184 
Dean number 
uniform curved flow in open- 
channel beds and, 186 
Differential interferometry 
flow visualization and, 224 
DLVO theory 
colloid suspensions and, 247- 
50 
Domb-Sykes plot, 293 
Doppler factor 
jet-noise generation and, 274—- 
75 
Double-exposure interferometry 
method of, 227 


E 


Eigenfunctions 
turbulence simulation and, 
115-16 
Electromagnetism 
colloid suspensions and, 249- 
50 


Electrostatic repulsion 
colloid suspensions and, 255 
Eli -Palm relati 
wave action and, 35-36 
Emulsions 
viscous drop deformation in 
shear flows and, 45 
Energy integrals 
perturbed free shear layers 
and, 379-81 
Ensemble average 
definition of, 13 
Equations of motion 
flexibly mounted bluff bodies 
and, 203-5 
Euler equations 
Boltzmann equation and, 80— 
81 
inviscid flows and, 342 
Eulerian pressure perturbation 
linearized wave motion and, 
29-30 
Evaporation 
Knudsen layers and, 92-93 





F 


Feedback 
perturbed free shear layers 
and, 415-17 
Flow generation 
laser light and, 238-39 
Flow visualization, 223-42 
holography and, 225-31 
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speckle photography and, 
233-38 
tomography and, 231-33 
Fluid flow 


computer-extended series and, 


287-306 
Lagrangian-mean formulation 
and, 25-36 
see also specific type 
Fluid inertia 
nonuniform curved flow in 
open-channel beds and, 
188 
Fluid velocity 
methods of measuring, 223- 
24 
Fourier spectral methods 
rbul: flow calculati 
and, 120-22 
Fuel-air detonations 
see Gaseous detonations 





G 


Galloping 

vortex resonance and, 216 
Gas flow 

nonlinear Boltzmann equation 


for numerical solution of, 


67-95 
one-dimensional 
flow properties of , 69-70 
Gaseous detonations, 311-34 
critical energy for initiation 
of, 327-29 
critical tube diameter and, 
321-26 
detonability limits and, 329- 
33 


detonation cell size and, 314- 
21 

dynamic parameters of, 312- 
14 


propagation of, 311 
Gases 
heat transfer in, 82 
nonequilibrium 
macroscopic properties of, 
70 


Gorter-Mellink force 
turbulent pipe counterflow in 
liquid helium and, 143- 
ad 


H 


Hamaker constant 

colloid suspensions and, 247 
Heat transfer 

gradient parameter and, 82 
Helium II 

counterflow jets and, 141-53 


equations of motion and, 140- 
41 
fluid mechanics of, 139-76 
shock waves in, 153-74 
characteristics and jump 
conditions of, 154-57 
experiments with, 160-70 
shock tubes and, 157-60 
superfluidity and, 170-74 
wave diagrams of, 166-67 
shock-jump relations for, 162- 
64 
turbulent pipe counterflow in, 
143-44 
velocity-field measurement in, 
150-52 
Heterocoagulation 
colloid suspensions and, 256- 
59 
Heterodyne holographic interfer- 
ometry 
flow visualization and, 229- 
31 
Hodograph equations 
airfoil design and, 348-51 
Hodograph transformation 
shock-free flows and, 344-45 
two-dimensional compressible 
flow and, 343 
Holographic interferometry 
flow visualization and, 226— 
29 


Holography 
flow visualization and, 225- 
31 
Homocoagulation 
colloid suspensions and, 256 
Hydration 
colloid suspensions and, 250 
Hydrocarbons 
detonation cell sizes and crit- 
ical tube diameters and, 
322 
Hydrodynamic stability 
computer calculation of, 303 
Hydrodynamic stability theory 
perturbed free shear layers 
and, 367-68 


incompressible flow 
wave action and, 31-33 
Incompressible irrotational flow 
computer calculation of, 303- 
4 
Index of refraction 
second-sound attenuation in 
counterflow jets and, 148 
Instability waves 
sound generation in turbulent 
shear flows and, 266-67 





Internal gravity waves 
wave-action equation and, 36- 
42 


Inviscid equations 
turbulent shear flows and, 
264-65 
Inviscid flows 
Euler equations and, 342 


Janzen-Rayleigh expansion 
computer-generated coeffi- 
cients in, 288 
Jet noise 
generation of, 268-81 


K 


Kelvin-Helmholtz instability 
perturbed free shear layers 
and, 369, 373 
turbulent flows and, 126 
Knudsen layers 
Boltzmann collision integral 
and, 93 
evaporation/c 
92-93 
nonequilibrium gas flow and, 
88-94 
Knudsen number 
rarefied-gas flow problem 
67 


d ion and, 





Kolmogorov law 
turbulent flow and, 100 
Kutta condition 
unsteady trailing-edge flows 
and, 404-6 


L 


Lagrangian-mean flow 

wave action and, 30-31 
Lagrangian-mean formulation 

wave action and, 25-36 
Laminar flow 

computer calculation of, 302 
Laminar shear 

colloid coagulation in, 251-52 
Laminar-turbulent boundary 

layers, 401-3 

Laplace equation 

computer computation and, 

287 


Laser Doppler anemometry 
fluid velocity measurement 
and, 223-24 
Laser light 
flow generation by, 238-39 
Legendre transformation 
two-dimensional compressible 
flow and, 343 


Lift 
vortex formation and, 215 
wave drag and, 340 
Lilley’s equation, 270 
solutions of, 274-77 
Liquids 
transition Reynolds numbers 
in, 395 
London dispersion forces 
colloid suspensions and, 247- 
48 


M 


Mach numbers 
aircraft efficiency and, 337-38 
shock waves and, 155-56 
subsonic 
flight at, 340 
Magnetic fields 
Lagrangian-mean formulation 
and, 26-27 
Mass transfer 
gradient parameter and, 82 
Maxwellian molecules 
Boltzmann equation and, 77- 
78 
Mean flow 
wave action and, 19-21 
Mean-flow equation 
radiation stress tensor and, 12 
Mean-square deflection angles 
second-sound attenuation in 
counterflow jets and, 147 
Methane-air detonations 
propagation of, 331 
Momentum-diffusion coefficient 
uniform curved flow in open- 
channel beds and, 186 
Monte Carlo method 
Boltzmann collision integral 
and, 71-72 
Boltzmann equation and, 68 
Mutual friction 
turbulent pipe counterflow in 
liquid helium and, 143- 
44 


N 


Navier-Stokes equations 
Boltzmann equation and, 80- 
81 
computer calculation of, 287, 
300-3 


turbulent flow simulation and, 
102-7 
uniform curved flow in open- 
channel beds and, 186 
Neville table, 293 
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Newtonian fluids 
incompressible 
turbulence simulation and, 
102 
Nunner’s law 
uniform curved flow in open- 
channel beds and, 184 


oO 


Open-channel beds 
secondary flow in, 179-92 
nonuniform, 187-91 
uniform curved, 182-87 
Optic cavitation, 239 
Optical techniques in fluid 
mechanics, 223-42 
Orr-Sommerfeld equation 
shear layer stabilization and, 
401 


Orthogonal-rheometer flows 
viscous drop deformation in, 
49, 55 
Oscillating bluff bodies, 195- 
219 


vortex shedding and, 201-16 
Oscillation cycles 

phase angles and, 215-16 
Oscillations 

vortex-induced 

predictions of, 217-19 

Oseen flow 

computer calculation of, 297- 

98 


Oxyacetylene 
transverse pressure vibration 
decay of, 324 
Oxyhydrogen mixtures 
transverse pressure vibration 
decay of, 324 


P 


Padé approximants, 293 
Péclet number 
Brownian diffusion and, 256 
Perturbation series 
computer-extended, 287-306 
Perturbed free shear layers, 365- 
418 
excitation methods and, 404 
facility forcing and, 413-14 
feedback mechanism and, 
415-17 
forcing frequency and, 407-11 
forcing level and, 411-12 
frequency components and, 
413 
laminar-turbulent boundary 
layers and, 401-3 
large-scale structures and, 
385-88 





428 


linear instability mechanism 
and, 369-73 

mode competition and, 407 

nonlinear instability mechan- 
ism and, 373-78 

preferred mode in jets and, 
396-98 

quasi-deterministic vortex 
structures and, 366-67 

randomness and, 414-15 

rescaled, 417-18 

Reynolds number and, 399- 
401 

small-scale transitions and, 
394-96 

symmetry-breaking modes in 
jets and, 398 

three-dimensional structures 
and, 388-93 

trailing-edge receptivity and, 
404.7 


velocity ratio and, 399 
vortex-interaction mechanisms 
and, 378-85 
Phase angles 
oscillation cycles and, 215-16 
Phase tomography 
flow visualization and, 225 
Plane flows 
viscous drop deformation in, 
51 
Plane hyperbolic flow 
viscous drop deformation in, 
49, S1-S3 
breakup criterion for, 61 
Poiseuille flow 
computer calculation of, 303 
Poisson-Boltzmann equation 
colloid suspensions and, 248 
Polystyrene spheres 
dispersion forces in water, 
249-50 
Pseudomomentum 
wave-action equation and, 15- 
17 
Pulsed lasers 
flow visualization and, 226 


Q 


Quasi-heterodyne interferometry 
flow visualization and, 230 


R 


Radial-pressure gradients 
uniform curved flow in open- 
channel beds and, 182 
Radial shear stress 
secondary flow in open- 
channel beds and, 181 
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uniform curved flow in open- 
channel beds and, 182- 
87 
Radiation stress tensor 
definition of, 18 
wave-energy/mean-flow equa- 
tions and, 12 
Radon transform 
tomography and, 231-32 
Rankine-Hugoniot shock rela- 
tions, 346 
Rapid-distortion theory 
turbulent shear flows and, 
264 
Rarefied-gas flow problem, 67 
Rayleigh-Bénard convection 
flow visualization and, 224 
Real-time interferometry 
method of, 227, 229 
Repeptization, 253 
Reynolds stresses 
perturbed free shear layers 
and, 409-10 
Reynolds number 
colloidal dynamics and, 245 
liquids and, 395 
oscillating bluff bodies and, 
195 
Padé approximants and, 293— 
94 
perturbed free shear layers 
and, 399-401 
turbulent flows and, 101-2 


S 


Secondary flow 
open-channel beds and, 179- 
92 
Sedimentation 
colloid suspensions and, 259 
Shear fields 
colloidal stability and coagula- 
tion in, 245-60 
Shear flows 
types of, 49-51 
viscous drop deformation in, 
45-65 
burst mechanism and, 60- 
61 
measurement of, 51 
theoretical calculations of, 
55-63 
wave-action equation and, 36- 
42 
see also Turbulent flows 
Shearing 
colloid coagulation and, 251- 


Shear layers 
see Perturbed free shear layers 


Shock tubes 
liquid-helium research and, 
157-60 
thermal, 159, 161 
Shock waves 
Boltzmann equation and, 83— 
86 


characteristics and jump con- 
ditions of, 154-57 

computer calculation of, 296- 
97 


distribution function moments 
in, 89 

gradient parameter for, 82 

Knudsen layers and, 88-89 

Mach numbers and, 155-56 

nonequilibrium conditions in, 
67 


piston-generated 
period of, 292 
properties of, 153-54 
recompression 
airfoil and wing design and, 
337-38 
temperature, 165-69 
transformation function for, 
83 
wave drag and, 340 
Shredding interactions 
perturbed free shear layers 
and, 382-83 
Simple shear flow 
viscous drop deformation in, 
49, 53-55 
Solvation 
colloid suspensions and, 
250 


Sound generation 
turbulent shear flows and, 
266-67 
Speckle photography 
flow visualization and, 233- 
38 
fluid velocity measurement 
and, 224 
Standing waves 
computer calculation of, 
304 
Stokes equations 
viscous flow at low Reynolds 
numbers and, 297 
Strong-blast theory 
critical energy and, 328 
Strouhal number 
circular jets and, 396 
perturbed free shear layers 
and, 376 
trailing-edge receptivity and, 
406-7 


Stuart-Landau equation 
perturbed free shear layers 
and, 375-76 





Subharmonic forcing 
perturbed free shear layers 
and, 409 
Subharmonic resonance 
perturbed free shear layers 
and, 376-77 
Subsonic flows 
Janzen-Rayleigh expansion for 


aerodynamic efficiency of, 
355-58 
see also Airfoil design 
Supercritical wings 
aerodynamic efficiency of, 
355-58 
see also Wing design 
Superfluidity 
shock waves and, 170-74 
Supersonic flow fields 
airfoil/wing design and, 346- 
47 


Supersonic flows 
computer calculation of, 295- 
96 


jet-noise generation and, 282- 
83 
Surface tension 
fluid threads under extension 
and, 56 
viscous drop deformation in 
shear flows and, 48 


T 


Taylor-Goldstein equation 
internal gravity waves and, 
37-38 
Taylor-Green vortices 
computer calculation of, 302- 
3 


Tearing 
perturbed free shear layers 
and, 384 
Temperature gradients 
attenutation measurements in 
counterflow jets and, 
144-45 
Tollmien-Schlichting waves 
Blasius boundary layers and, 
390 
Tomography 
flow visualization and, 231- 
33 
Trailing-edge receptivity 
perturbed free shear layers 
and, 404-7 
Transonic controversy, 294-95 
Transonic flow 
aircraft wing design and, 340 
Transonic nozzies, 295 


Turbulent flows, 99-134 
channel, 126-31 
convective fluxes of, 104 
eddy-viscosity coefficient and, 
109 
filter/mesh resolution and, 


isotropic 
Smagorinsky model of, 
110-12 
siatistical theories of, 108-9 
one-point closure and, 100 
resolvable-scale equations 
and, 104 
Reynolds number and, 101-2 
simulation of 
governing equations in, 
102- 
models in, 107-13 
numerical methods in, 115- 
22 
resolution requirements in, 
113-15 
results of, 122-32 
sub-grid scale stresses and, 
103-4, 108-12 
Taylor-series expansions and, 
104-5 


two-point closure and, 100-1 
see also Shear flows 
Turbulent mixing layers 
Kelvin-Helmholtz instability 
and, 126 
see Perturbed free shear layers 
Turbulent shear flows 
aeroacoustics of , 263-83 
complex, 281-82 
jet-noise problem and, 268-81 
solid-surface interactions in, 
264-68 
supersonic, 282-83 


Vv 


Van der Pol oscillator 
period of, 292 
Velocity ratios 
perturbed free shear layers 
and, 399 
Viscous dissipation 
shear layer stabilization and, 
401 
Viscous drag 
airfoil design and, 359-61 
Viscous drops 
deformation in orthogonal- 
rheometer flow, 49 
deformation in plane flows, 
5 


deformation in shear flow, 
45-65 
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Viscous flows 


galloping and, 216 
Vortex shedding 
acoustic noise and, 199, 201 
body motion and, 208-16 
calculation of, 199 
fixed bluff bodies and, 196- 
201 
free and forced vibrations and, 
205-8 
oscillating bluff bodies and, 
195-219, 201-16 
Vortex sheet rolling 
computer calculation of, 304- 
5 


WwW 


Water waves 
computer calculation of, 304 
Wave action, 11-43 
Charney-Drazin theorems and, 
35-36 
curvilinear coordinates and, 
33-36 
Eliassen-Palm relations and, 
35-36 
ensemble average and, 13 
Eulerian pressure perturbation 
and, 29-30 
incompressible flow and, 31- 
33 


Lagrangian-mean flow and, 
30-31 


Lagrangian-mean formulation 
and, 25-36 

mean flow and, 19-21 

modal, 23-25 

radiation stress tensor and, 
18-19 

slowly varying, 21-22 

slowly varying linearized, 22- 
23 


wave energy and, 17 
Wave-action density 
definition of, 14 
Wave-action equation 
averaged variational principle 
and, 24-25 
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identification error and, 15 

internal gravity waves and, 
36-42 

linearized waves on mean 
flow and, 11-12 

pseudomomentum and, 15-17 

shear flows and, 36-42 

slowly varying linearized 
waves and, 23 

statement of, 14 


Wave-action flux 


definition of, 14 
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Wave drag 

airfoil/wing lift and, 340 
Wave energy 

definition of, 17 
Wave-energy equation 


radiation stress tensor and, 


12 
slowly varying linearized 
waves and, 23 
Waveguide 
wave action in, 23-25 
Wave-mean flow interaction 


internal gravity waves and, 
36-42 


Wave 
definition of, 13-14 
Wing design, 337-61 
compressible flow models 
and, 342-44 
local supersonic flow fields 
and, 346-47 
shock-free 
methods for, 347-48 


shock-free flows and, 344-46 








